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PROVIDE A LOW DROP OUT CIRCUIT 310 THAT COMPRISES AN
DO CONTROL AMPLIFIER 120 AND A PMOS LDO TRANSISTOR 140
COUPLED TO THE OUTPUT OF THE LDO CONTROL AMPLIFIER 120

1120

. Ve
CONNECT THE PMOS LDO TRANSISTOR 140 TO A SWITCHING
REGULATOR 210 THAT PROVIDES AN ADJUSTABLE VALUE OF INPUT
VOLTAGE VswitcHer TO THE PMOS LDO TRANSISTOR 140

1130

CONNECT A SWITCHED POWER SUPPLY CIRCUIT 320 TO THE
LDO CONTROL AMPLIFIER 120 TO PROVIDE AN OPERATING
VOLTAGE TO THE LDO CONTROL AMPLIFIER 120

1140
£

COMPARE A VALUE OF THE INPUT VOLTAGE V swiTCHER
TO A VALUE OF OPERATING VOLTAGE V gatt

1150
g

WHEN THE VALUE OF THE INPUT VOLTAGE Vewrcner IS GREATER

THAN THE VALUE OF THE OPERATING VOLTAGE Vgatr DESIGNATE
THE V switcHeR VOLTAGE AS Vsup AND PROVIDE THE Vgyp VOLTAGE

TO THE LDO CONTROL AMPLIFIER 120 AS AN OPERATING VOLTAGE

1160

WHEN THE VALUE OF THE INPUT VOLTAGE VgwtcHer IS LESS

THAN THE VALUE OF THE OPERATING VOLTAGE V patT DESIGNATE
THE VgatT VOLTAGE AS Vgp AND PROVIDE THE Vgyp VOLTAGE

TO THE LDO CONTROL AMPLIFIER 120 AS AN OPERATING VOLTAGE

FIG. 11
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THAT IS COUPLED TO THE OUTPUT OF THE FIRST LDO CONTROL
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AMPLIFIER 420 AND AN NMOS LDO TRANSISTOR 410 THAT IS COUPLED TO

THE OUTPUT OF THE SECOND LDO CONTROL AMPLIFIER 420
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ARE BOTH CONNECTED TO THE Vg OUTPUT OF THE CONTROL CIRCUIT 400

1230

CONNECT THE SOURCE OF THE PMOS LDO TRANSISTOR 140 AND
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SYSTEM AND METHOD FOR PROVIDING A
LOW DROP OUT CIRCUIT FOR A WIDE
RANGE OF INPUT VOLTAGES

TECHNICAL FIELD OF THE INVENTION

The present invention 1s generally directed to the manufac-
ture of semiconductor circuits and, 1n particular, to a system
and method for providing a low drop out (LDQO) circuit that
can elficiently and correctly handle a wide range of 1nput
voltages.

BACKGROUND OF THE

INVENTION

The telecommunications industry continually attempts to
improve the transmitter circuitry in wireless communication
systems. Power amplifier (PA) circuitry 1s a major component
ol a transmitter of a wireless communication device. Power
amplifier (PA) circuitry provides the power for transmitting a
signal (including data modulated and carried by the signal) so
that a base station or a recetver can recerve the signal.

Power amplifier (PA) circuitry uses a large amount of
power. The power amplifier (PA) module 1s one of the most
power consuming components of a wireless communication
device. Therefore 1t 1s very desirable to provide power ampli-
fier (PA) circuitry that 1s power efficient.

One method for improving power amplifier (PA) elficiency
1s to use a drain/collector modulation technique. In the drain/
collector modulation technique a non-linear high efficiency
power amplifier can be used (e.g., a class C power amplifier)
instead of a linear low efficiency power amplifier (e.g., a class
A amplifier). The power control of the power amplifier (PA)
circuitry 1s achieved by adjusting the power amplifier (PA)
power supply V . A high efficiency power supply combined
with a high efficiency power amplifier (PA) (with constant
bias) would be 1deal.

In prior art power amplifier (PA) modules 1n GSM (Global
System for Mobile Commumnications) telecommunication
devices such as RF3110 (manufactured by RFMD) and
TOM7M4014 (manufactured by Triquint), the power ampli-
fier (PA) power supply V .~ 1s from a linear regulator or “low
drop out” (LDO) circuit. An LDO circuit can have a high
eificiency when the value of 1ts output voltage (V ~~) 1s near
the value of 1ts input voltage (V , ). Butan LDO circuit will
have a very low efliciency when 1ts output voltage (V) 1s
very low compared with 1ts input voltage (V5 ,--).

The maximum efficiency for an LDO circutit 1s the ratio of
the output Voltage VCC to the input voltage V , - That 1s, the
maximum € 1c1ency 1s given by the ratio VCC/V 477 FOT
example, the maximum efficiency for an LDO 1n a typical
GSM handset with an output voltage of nine tenths volts
(V ~~=0.9 volts) and an 1mnput voltage of three and six tenths
volts (V5 ,~—3.6 volts) 1s twenty five percent (25%).

FIG. 1 illustrates a schematic diagram of a first prior art
power supply control circuit 100. Power supply control cir-
cuit 100 comprises a low drop out (LDO) circuit 110. Low
drop out (LDO) circuit 110 comprises an operational ampli-
fier 120 that recetves a V, ,, ,» signal on 1ts inverting input. A
teedback voltage signal V . 1s provided to the non-inverting
input of operational amplifier 120. The operating voltage for
low drop out (LDO) circuit 110 1s provided by a voltage
source Vg 7

The output of operational amplifier 120 1s provided to a
gate ol a PMOS transistor 140. The source of PMOS transis-
tor 140 1s coupled to the operating voltage V 5 . The drain of
PMOS transistor 140 1s coupled to a first end of a first resistor
150. The second end of first resistor 150 1s coupled to a first
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end of a second resistor 160. The second end of second
resistor 160 1s coupled to ground. The teedback voltage signal
V = 1s obtained from a node between the first resistor 150 and
the second resistor 160.

The output of low drop out (LDO) circuit 110 1s the power
supply voltage V ~~. A capacitor 170 1s coupled between the
output of the low drop out (LDO) circuit and ground. The
power supply voltage V . ~1s provided to radio frequency (RF)
power amplifier (PA) 130. Radio frequency (RF) power
amplifier (PA) 130 amplifies an RF iput signal (RF ;) to
generate an amplified RE output signal (RF ;).

One method for increasing the efficiency of the power
amplifier (PA) power supply V - 1s to use a switching regu-
lator. A switching regulator 1s able to adjust the value of the
operating voltage (designated V ¢;,-—~-2» ) that 1s provided to
a low drop out circuit. FIG. 2 illustrates a schematic diagram
of a second prior art power supply control circuit 200 that
comprises a switching regulator 210 (designated “switcher
2107). Switcher 210 has a first input that receives a peak value
of voltage (designated V,.,) and a second input that
receives an enable signal (designated EN).

The low drop out circuit 110 1n FIG. 2 has the same struc-
ture as the low drop out circuit 110 shown 1n FIG. 1. However,
the operation of the low drop out circuit 110 1n FIG. 2 no
longer has a single value of operating voltage V 5, , - Instead,
switcher 210 provides a wide dynamic range of operating
voltages V ¢yrr-r=n t0 the low drop out circuit 110. For
example, the value of the operating voltage V¢, 77 May
be chosen 1n a range from about four hundred maillivolts (400
mV) to about four and eight tenths volts (4.8 V).

There are some problems, however, that are associated
with prior art power supply control circuits of the type that
operate with a switcher 210. For example, assume that the
power supply for the LDO control amplifier 120 1s provided
from the operating voltage V, .- (as shown 1n FIG. 2).

First, when the value of the operating voltage V ¢1r 7 r7er
tor the LDO PMOS transistor 140 1s greater than the sum of
the operating voltage V , - and the threshold voltage V ., of
the LDO PMOS transistor 140, then the LDO PMOS transis-
tor 140 will be 1n an “on” condltlon all of the time. The LDO
circuit 110 will be out of control 1n this case.

Second, when the wvalue of the operating voltage
V cyprremer 10r the LDO PMOS transistor 140 1s less than the
threshold voltage V - of the LDO PMOS transistor 140, then
the LDO PMOS transistor 140 will be in an *“oil”™ Condltlon all
ol the time. The LDO circuit 110 will also be out of control 1in
this case.

Therefore, there 1s a need 1n the art for a system and method
that 1s capable of providing an improved architecture for a
power supply control circuit and a low drop out (LDO) circuit
that avoids these deficiencies of the prior art circuitry.

SUMMARY OF THE INVENTION

To address the above-discussed deficiencies ol the prior art,
it 15 a primary object of the present invention to provide a
system and method for providing an improved power supply
control circuit and low drop out (LDQO) circuit that are capable
of efliciently and correctly handling a wide range of mput
voltages.

One advantageous embodiment of the power supply con-
trol circuit of the invention comprises a low drop out (LDO)
circuit and a switched power supply circuit. The switched
power supply circuit compares a value of voltage from a
switching regulator (designated V ¢ prrr72») With a value of
voltage (designated V5 , ) Irom a battery voltage source. The
switched power supply circuit provides either the V, - volt-
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age or the V ;- voltage (whichever 1s the higher volt-
age) to the LDO control amplifier.

Another advantageous embodiment of the power supply
control circuit of the invention comprises a low drop out
(LDO) circuit that comprises (1) a first control loop compris-
ing a PMOS control transistor that 1s driven by a first LDO
control amplifier, and (2) a second control loop comprising an
NMOS control transistor that 1s driven by a second LDO
control amplifier. Control circuitry 1s provided to ensure that
the two control loops do not attempt to operate at the same
time.

Another advantageous embodiment of the power supply
control circuit of the invention comprises a low drop out
(LDO) circuit that comprises (1) a first control loop compris-
ing a PMOS control transistor that 1s driven by an LDO
control amplifier having switched inputs, and (2) a second
control loop comprising an NMOS control transistor that 1s
also driven by the LDO control amplifier. Control switching
circuitry 1s provided to ensure that the two control loops do
not attempt to operate at the same time.

Another advantageous embodiment of the power supply
control circuit of the mvention comprises a low drop out
(LDO) circuit that comprises (1) a first control loop compris-
ing a PMOS control transistor that 1s driven by an LDO
control amplifier having switched outputs, and (2) a second
control loop comprising an NMOS control transistor that 1s
also driven by the LDO control amplifier. Control switching
circuitry 1s provided to ensure that the two control loops do
not attempt to operate at the same time.

It 1s an object of the present invention to provide a system
and method for providing an improved power supply control
circuit that avoids deficiencies that are present in prior art low
drop out circuits.

It 1s also an object of the present mvention to provide a
system and method for providing an improved power supply
control circuit that comprises a low drop out (LDQO) circuit
that can efficiently and correctly handle a wide range of input
voltages.

It 1s yet another object of the present invention to provide a
system and method for an improved power supply control
circuit that comprises a low drop out (LDO) circuit, a switcher
circuit, and switched power supply control circuit.

It 1s another object of the present invention to provide a
system and method for an improved power supply control
circuit that comprises a low drop out (LDO) circuit, an LDO
PMOS transistor that 1s driven by a first LDO control ampli-
fier, and an LDO NMOS transistor that 1s driven by a second
LDO control amplifier.

It 15 also another object of the present invention to provide
a system and method for an improved power supply control
circuit that comprises a low drop out (LDO) circuit, an LDO
PMOS transistor that 1s driven by an LDO control amplifier
having switched inputs, and an LDO NMOS transistor that 1s
also driven by the LDO control amplifier having switched
inputs.

It 1s also another object of the present invention to provide
a system and method for an improved power supply control
circuit that comprises a low drop out (LDO) circuit, an LDO
PMOS transistor that 1s driven by an LDO control amplifier
having switched outputs, and an LDO NMOS ftransistor that
1s also driven by the LDO control amplifier having switched
outputs.

The foregoing has outlined rather broadly the features and
technical advantages of the present invention so that those
skilled 1n the art may better understand the detailed descrip-
tion of the mvention that follows. Additional features and
advantages of the invention will be described hereinatter that
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4

form the subject of the claims of the invention. Those skilled
in the art should appreciate that they may readily use the
conception and the specific embodiment disclosed as a basis
for moditying or designing other structures for carrying out
the same purposes of the present invention. Those skilled in
the art should also realize that such equivalent constructions
do not depart from the spirit and scope of the invention in 1ts
broadest form.

Betore undertaking the Detailed Description of the Inven-
tion below, it may be advantageous to set forth definitions of
certain words and phrases used throughout this patent docu-
ment: the terms “include” and “comprise,” as well as deriva-
tives thereof, mean inclusion without limitation; the term
“or,” 1s 1inclusive, meaming and/or; the phrases “associated
with” and “associated therewith,” as well as derivatives
thereof, may mean to include, be included within, 1ntercon-
nect with, contain, be contained within, connect to or with,
couple to or with, be communicable with, cooperate with,
interleave, juxtapose, be proximate to, be bound to or with,
have, have a property of, or the like; and the term “controller”
means any device, system or part thereof that controls at least
one operation, such a device may be implemented 1n hard-
ware, firmware or software, or some combination of at least
two of the same. It should be noted that the functionality
associated with any particular controller may be centralized
or distributed, whether locally or remotely. Definitions for
certain words and phrases are provided throughout this patent
document, those of ordinary skill in the art should understand
that 1n many, 11 not most istances, such definitions apply to
prior uses, as well as future uses, of such defined words and
phrases.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present inven-
tion and 1ts advantages, reference 1s now made to the follow-
ing description taken in conjunction with the accompanying
drawings, 1n which like reference numerals represent like
parts:

FIG. 1 1llustrates a schematic diagram of a first prior art
power supply control circuit;

FIG. 2 1llustrates a schematic diagram of a second prior art
power supply control circuit;

FIG. 3 illustrates a schematic diagram of a first embodi-
ment of a power supply control circuit 1n accordance with the
principles of the present invention;

FIG. 4 1llustrates a schematic diagram of a second embodi-
ment of a power supply control circuit 1n accordance with the
principles of the present invention;

FIG. 5 illustrates a schematic diagram of a switch control
voltage comparator and inverter circuit in accordance with the
principles of the present invention;

FIG. 6 1llustrates a schematic diagram of a third embodi-
ment of a power supply control circuit in accordance with the
principles of the present invention;

FIG. 7 illustrates an exemplary embodiment of a low drop
out control amplifier circuit 1n accordance with the principles
ol the present invention;

FIG. 8 1llustrates a schematic diagram of a fourth embodi-
ment of a power supply control circuit 1n accordance with the
principles of the present invention;

FIG. 9 illustrates another exemplary embodiment of a low
drop out control amplifier circuit in accordance with the prin-
ciples of the present invention;

FIG. 10 illustrates a schematic diagram of a fifth embodi-
ment of a power supply control circuit in accordance with the
principles of the present invention;
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FIG. 11 illustrates a flow chart showing the steps of a first
advantageous embodiment of the method of the present
invention;

FIG. 12 illustrates a flow chart showing the steps of a
second advantageous embodiment of the method of the
present invention; and

FI1G. 13 1llustrates a flow chart showing the steps of a third

advantageous embodiment of the method of the present
ivention.

DETAILED DESCRIPTION OF THE INVENTION

FIGS. 1 through 13 and the various embodiments used to
describe the principles of the present invention 1n this patent
document are by way of illustration only and should not be
construed 1n any way to limit the scope of the mvention.
Those skilled 1n the art will understand that the principles of
the present mvention may be implemented in any type of
suitably arranged power amplifier circuait.

To simplily the drawings the reference numerals from pre-
vious drawings will sometimes not be repeated for structures
that have already been 1dentified.

FIG. 3 illustrates a schematic diagram of a first embodi-
ment of a power supply control circuit 300 that comprises a
low drop out circuit 310 and a switched power supply circuit
320 1n accordance with the principles of the present invention.
As shown 1n FIG. 3, the switched power supply circuit 320
provides the operating voltage (designated V ., ,») to the LDO
control amplifier 120 of the low drop out circuit 310.

The advantageous embodiment of the present invention
embodied in the switched power supply circuit 320 addresses
the first problem 1n the prior art that the LIDO PMOS transistor
140 will always be 1n an “on” condition when the value of the
operating voltage V <~z 1or the LDO PMOS transistor
140 1s greater than the sum of the operating voltageV ,, , -and
the threshold voltage V » of the LDO PMOS transistor 140
(when the power supply for the LDO control amplifier 120 1s
Varr)-

Instead of using a constant value of V. ,....for the operating
voltage for the LDO control amplifier 120, the switched
power supply circuit 320 provides either the V, -~ voltage or
the V¢, rrmn VOltage (whichever 1s the higher voltage) to
the LDO control amplifier 120. This ensures that the LDO
PMOS transistor 140 1s always under control. The LDO con-
trol amplifier 120 uses the higher of the two voltages (desig-
nated V ., ,») to prevent the LDO PMOS amplifier 140 from
being out of control.

The switched power supply circuit 320 comprises a voltage
comparator circuit 330. The voltage comparator circuit 330
receives two voltage iputs. The first mput 1s the V ¢pprremren
voltage from a switcher regulator 210 of the type shown in
FIG. 2. The second mput 1s the V, , - voltage from a battery
voltage source (not shown).

The output of the voltage comparator circuit 330 1s pro-
vided to the mnput of an inverter circuit 340. The output of the
iverter circuit 340 1s provided to a gate of a first PMOS
transistor 350. The output of the voltage comparator circuit
330 1s also directly provided to a gate of a second PMOS
transistor 360.

As shown 1n FIG. 3, a source of the first PMOS transistor
350 1s connected to a source of the second PMOS transistor
360 at node 370. The drain of the first PMOS transistor 350 i1s
connected to the V¢, 27 VOltage. The drain of the second
PMOS transistor 360 1s connected to the V5 - voltage. The
node 370 1s connected to the LDO control amplifier 120. The
voltage signal that 1s present at the node 370 provides the
operating voltage to power the LDO control amplifier 120.
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If the value of the V ¢~ VOltage 1s greater than the
V. . voltage, then the voltage comparator circuit 330 will
output a “high” signal. The “high” signal will go through the
inverter circuit 340 and become a “low” signal to turn on the
first PMOS transistor 350 to provide the V <37~ VOltage to
the node 370. At the same time, the “high” signal will turn off
the second PMOS transistor 360 so thatthe V ; , ..voltage will
not be present at the node 370.

It the value of the V. ... voltage i1s greater than the
V eyrrerren VOItage, then the voltage comparator circuit 330
will output a “low” signal. The “low” signal will go through
the mverter circuit 340 and become a “high” signal to turn off
the first PMOS transistor 350 to prevent the V ¢j;77 7720 VOIt-
age from being present at the node 370. At the same time, the
“low” signal will turn on the second PMOS transistor 360 so
that the V,, ... voltage will be present at the node 370.

In this manner, the switched power supply circuit 320
provides etther the V5, voltage or the V ¢, ~rp VOltage
(whichever 1s the higher voltage) to the LDO control ampli-
fier 120. This ensures that the LDO PMOS transistor 140 1s
always properly operating and 1s always under control. As
previously mentioned, the LDO control amplifier 120 uses
the higher of the two voltages (designated V,,,) to prevent
the LDO PMOS amplifier 140 from being out of control.

FIG. 4 illustrates a schematic diagram of a second embodi-
ment of a power supply control circuit 400 that comprises a
low drop out circuit and a switched power supply circuit 1n
accordance with the principles of the present mnvention. As
shown 1n FIG. 4, instead of using a LDO PMOS transistor 140
alone, an LDO NMOS transistor 410 1s used in parallel with
the LDO PMOS ftransistor 140 and a second LDO control
amplifier 420 1s used to drive the LDO NMOS transistor 410.

The advantageous embodiment of the present mvention
shown 1n FIG. 4 addresses the second problem 1n the prior art
that the LDO PMOS transistor 140 will always be 1n an “off™
condition when the value of the operating voltage V o177 2725
for the LDO PMOS transistor 140 1s less than the threshold
voltage V . of the LDO PMOS transistor 140.

As shown in FIG. 4, the source of the LDO PMOS transis-
tor 140 and the drain of the LDO NMOS transistor 410 are
both connected to the V o rrrp voltage. The drain of the
LDO PMOS transistor 140 and the source of the LDO NMOS
transistor 410 are both connected to the outputnode V ~~. The
output of the second LDO control amplifier 420 1s connected
to the gate of the LDO NMOS transistor 410.

The operating voltage for both the first LDO control ampli-
fier 120 and the second LDO control amplifier 420 is provided
by the V,,» voltage source that has been described with
reference to FIG. 3. As previously explained, the value of the
V .. » voltage 1s the greater of the V ¢/~ voltage and the
V. . rvoltage.

To prevent the loop with the first LDO control amplifier
120 and the loop with the second LDO control amplifier 420
from trying to operate at the same time (which would cause
output distortion), a loop control switch circuit 1s provided to
ensure that the appropnate loop 1s operating at the appropriate
time. The loop control switch circuit comprises loop control
voltage comparator 430, a loop control PMOS transistor 440,
and a loop control NMOS transistor 450 coupled to the power
supply control circuit 400 as shown 1n FIG. 4.

The source of the loop control PMOS transistor 440 1s
coupledtotheV oy rep voltage. The drain of the of the loop
control PMOS transistor 440 1s coupled to a node located
between the output of the first LDO control amplifier 120 and
the gate of the LDO PMOS transistor 140. The gate of the
loop control PMOS transistor 440 1s coupled to the output of
the loop control voltage comparator 430.
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The source of the loop control NMOS transistor 450 1s
coupled to a node located between the output of the second
L.DO control amplifier 420 and the gate of the LDO NMOS
transistor 410. The drain of the loop control NMOS transistor
450 1s coupled to ground. The gate of the loop control NMOS
transistor 450 1s coupled to the output of the loop control
voltage comparator 430.

The operating voltage for the loop control voltage com-
parator 430 1s provided by the V,,, voltage source that has
been described with reference to FIG. 3. As previously
explained, the value of the V., ,» voltage 1s the greater of the
V cprreren VOltage and the V5 - voltage.

A first input to the loop control voltage comparator 430
recetves the Ve, 7 VOltage. A second 1nput to the loop
control voltage comparator 430 receives a reference voltage
(designated V ,,...). The reterence voltage V... 1s greater than

the threshold voltage V » of the LDO PMOS transistor 140
and greater than the threshold voltage V .~ of the LDO NMOS
transistor 410. The value of the reference voltage V.. 1s
selected to enable the loop control voltage comparator 430 to
select the approprate control loop. The value of the reference
voltage V .~ may be selected because the desired level of the
V cnrremer VOltage 1s a known quantity.

If the value of the V ¢ r~merp voltage 1s greater than the
V.- voltage, then the loop control voltage comparator 430
will output a “high™ signal. The “high” signal will turn on the
loop control NMOS transistor 450. At the same time, the
“high™ s1gnal will turn off the loop control PMOS transistor
440. This will select the first control loop for operation that
has the first LDO control amplifier 120.

If the value of the V... voltage 1s greater than the
V cpurreren VOltage, then the loop control voltage comparator
430 will output a “low” signal. The “low” signal will turn off
the loop control NMOS transistor 450. At the same time, the
“low” signal will turn on the loop control PMOS transistor
440. This will select the second control loop for operation that
has the second LDO control amplifier 420.

In this manner, the loop control voltage comparator 430
provides a switch that alternately operates either the control
loop with the first LDO control amplifier 120 or the control
loop with the second LDO control amplifier 420.

FIG. 5 and FIG. 6 illustrate schematic diagrams of a third
embodiment of a power supply control circuit 600 that com-
prises a low drop out circuit and a switched power supply
circuit 1n accordance with the principles of the present mnven-

tion. As shown in FIG. 6, instead of using a first LDO control
amplifier 120 for the LDO PMOS transistor 140 and a second

L.DO control amplifier 420 for the LDO NMOS transistor 410
as shown1n FI1G. 4, the LDO control amplifier 120 1s used for
both control loops.

FIG. 5 1llustrates an advantageous embodiment 500 of a
switch control voltage comparator 510 and nverter circuit
520 1n accordance with the principles of the present invention.
The operating voltage for the switch control voltage compara-
tor 510 1s provided by the V., ,» voltage source that has been
described with reference to FIG. 3. As previously explained,
the value of the V., voltage 1s the greater of the V o3~ 2725
voltage and the V5 , - voltage.

A first input to the switch control voltage comparator 510
receives the V oyprrn Voltage. A second input to the switch
control voltage comparator 510 recerves a reference voltage

(designated V. .~). Thereference voltage V ,, .- 1s greater than
the threshold voltage V ., of the LDO PMOS transistor 140

and greater than the threshold voltage V .- of the LDO NMOS
transistor 410. The value of the reference voltage V.. 1s
selected to enable the switch control voltage comparator 510
to select the appropriate switch controls for controlling the
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two loops. The value of the reference voltage V.~ may be
selected because the desired level of the V ¢,y VOltage 1s
a known quantity.

The output of the switch control voltage comparator 510
represents a “Switch One” signal (designated S1). The S1
output of the switch control voltage comparator 510 1s pro-
vided to the mnput of an iverter circuit 520. The output of the
iverter circuit 520 represents a “Switch Two” signal (desig-
nated S2). As will be more fully described, the S1 switch
signal and the S2 switch signal operate various S1 switches
and S2 switches 1n the power supply control circuit 600.

If the value of the V¢, r~7n VOltage 1s greater than the
V - voltage, then the switch control voltage comparator 510
will output a “high” signal. The S1 switch signal will be a
“high” signal and the S2 switch signal will be a “low’™ signal
when the value of the V o, VOItage 1s greater than the
V.- voltage.

If the value of the V ¢y 77 ~ep VOltage 1s less than the V.
voltage, then the switch control voltage comparator 510 wall
output a “low” signal. The S1 switch signal will be a “low”
signal and the S2 switch signal will be a “high” signal when
the value of the Vo, rrmn voltage 1s less than the V.-
voltage.

As shown 1n FIG. 6, the power supply control circuit 600
comprises an LDO control amplifier 120 having an output
that 1s coupled through an S1 switch 610 to a gate of the LDO
PMOS transistor 140. The output of the LDO control ampli-
fier 120 1s also coupled through an S2 switch 620 to a gate of
the LDO NMOS transistor 410. As 1n the second embodiment
400 of the present invention, the LDO PMOS transistor 140
and the LDO NMOS transistor 410 are coupled 1n parallel.
The source of the LDO PMOS transistor 140 and the drain of
the LDO NMOS transistor 410 are both coupled to the
V cyprreren VOltage. The drain of the LDO PMOS transistor
140 and the source of the LDO NMOS transistor 410 are both
connected to the output node V .

An S2 switch 630 1s also coupled between the gate and the
source of the LDO PMOS transistor 140. A first end of an S1
switch 640 1s coupled to a node between the gate of the LDO
NMOS transistor 410 and the S2 switch 620. A second end of
the S1 switch 640 1s coupled to ground. A compensation
circuit 650 1s also provided that comprises a resistor R 1n
series with a capacitor C. A first end of the compensation
circuit 650 1s coupled between the S1 switch 610 and the S2
switch 630. A second end of the compensation circuit 630 1s
coupled to the drain of the LDO PMOS transistor 140.

TheV, ,,,»signal may be provided to the inverting input of
the LDO control amplifier 120 through an S1 switch 660 or to
the noninverting input of the LDO control amplifier 120
through an S2 switch 670. Similarly, the feedback signal V
may be provided to the iverting imput of the LDO control
amplifier 120 through an S2 switch 680 or to the noninverting
input of the LDO control amplifier 120 through an S1 switch
690.

As previously mentioned, when the value ofthe Vo rren
voltage 1s greater than the V.. voltage, then the switch
control voltage comparator 510 will output a “high™ signal.
The S1 switch signal will be a “high” signal and the S2 switch
signal will be a “low” signal. The “high” S1 signal will close
the S1 switches and the “low” S2 signal will open the S2
switches. In particular, the “high” S1 signal will close S1
switch 610, S1 switch 640, S1 switch 660 and S1 switch 690.
The “low™ S2 signal will open S2 switch 620, S2 switch 630,
S2 switch 670 and S2 switch 680. This will select the first
control loop for operation.

When the value of the V ¢~ VOltage 1s less than the
V.~ voltage, then the switch control voltage comparator 510
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will output a “low” signal. The S1 switch signal will be a
“low” signal and the S2 switch signal will be a “high™ signal.
The “low” S1 signal will open the S1 switches and the “high”
S2 signal will close the S2 switches. In particular, the “low”
S1 signal will open S1 switch 610, S1 switch 640, S1 switch 5
660 and S1 switch 690. The “high” S2 signal will close S2
switch 620, S2 switch 630, S2 switch 670 and S2 switch 680.
This will select the second control loop for operation.

Because the LDO PMOS transistor 140 introduces an
inverting gain stage, the inputs are switched in the two control 10
loops. The compensation 1s different in the two control loops
because the LDO NMOS transistor 410 1s a unit gain follower.

FIG. 7 illustrates an exemplary embodiment 700 of the
L.DO control amplifier 120 1n accordance with the principles
of the present invention. As shown 1n FIG. 7, the operating 15
voltage of the LDO control amplifier 120 1n embodiment 700
1s the V., ,» voltage that 1s provided by the switched power
supply circuit 320. The LDO control amplifier 120 in embodi-
ment 700 comprises eight transistors (M1 through MS8)
coupled together as shown 1n FIG. 7. 20

A bias current source 710 provides a bias current (desig-
nated 1., ,.,) to transistor M1 and transistor M2. A bias cur-
rent source 720 provides a bias current (designated I, ,.,) to
transistor M3, transistor M5, transistor M7, and transistor
M2. A bias current source 730 provides a bias current (des- 25
ignated I 5, <, ) to transistor M4, transistor M6, transistor M8,
and transistor M1.

FIG. 8 illustrates a schematic diagram of a fourth embodi-
ment of a power supply control circuit 800 that comprises a
low drop out circuit and a switched power supply circuit in 30
accordance with the principles of the present invention. In the
embodiment shown 1n FIG. 8, instead of switching the inputs
as shown 1n FIG. 6, the amplifier outputs are switched.

The power supply control circuit 800 comprises an LDO
control amplifier 810 having a first output that 1s coupled 35
through an S1 switch 820 to a gate of the LDO PMOS tran-
sistor 140. The LDO control amplifier 810 also has a second
output that 1s coupled through an S2 switch 830 to a gate of the
LDO NMOS transistor 410. The LDO PMOS transistor 140
and the LDO NMOS transistor 410 are coupled 1n parallel. 40
The source of the LDO PMOS transistor 140 and the drain of
the LDO NMOS transistor 410 are both coupled to the
V cprremer VOltage. The drain of the LDO PMOS transistor
140 and the source of the LDO NMOS transistor 410 are both
connected to the output node V . 45

An S2 switch 840 1s also coupled between the gate and the
source of the LDO PMOS transistor 140. A first end of an S1
switch 8350 1s coupled to a node between the gate of the LDO
NMOS transistor 410 and the S2 switch 830. A second end of
the S1 switch 850 1s coupled to ground. A compensation 50
circuit 860 1s also provided that comprises a resistor R 1n
series with a capacitor C. A first end of the compensation
circuit 860 1s coupled between the S1 switch 820 and the S2
switch 840. A second end of the compensation circuit 860 1s
coupled to the drain of the LDO PMOS transistor 140. 55

When the value of the V ;77 VOltage 1s greater than
the V .~ voltage, then the switch control voltage comparator
510 will output a “high” signal. The S1 switch signal will be
a “high” signal and the S2 switch signal will be a “low’” signal.
The “high” S1 signal will close the S1 switches and the “low™ 60
S2 signal will open the S2 switches. In particular, the “high”

S1 signal will close S1 switch 820 and S1 switch 850. The
“low” S2 signal will open S2 switch 830 and S2 switch 840.
This will select the first control loop for operation.

When the value of the V o377~z Voltage 1s less than the 65
V .~ voltage, then the switch control voltage comparator 510
will output a “low” signal. The S1 switch signal will be a

10

“low” signal and the S2 switch signal will be a “high™ signal.
The “low” S1 signal will open the S1 switches and the “high”
S2 signal will close the S2 switches. In particular, the “low”
S1 signal will open S1 switch 820 and S1 switch 850. The
“lhigh” S2 signal will close S2 switch 830 and S2 switch 840.
This will select the second control loop for operation.

FIG. 9 illustrates an exemplary embodiment 900 of the
L.DO control amplifier 810 in accordance with the principles
of the present invention. As shown 1n FIG. 9, the operating
voltage of the LDO control amplifier 810 in embodiment 900
1s the V., ,» voltage that 1s provided by the switched power
supply circuit 320. The LDO control amplifier 810 in embodi-
ment 900 comprises eight transistors (M9 through M16)
coupled together as shown in FIG. 9.

A bias current source 910 provides a bias current (desig-
nated I,,,.,) to transistor M9 and transistor M10. A bias
current source 920 provides a bias current (designated 15, , )
to transistor M11, transistor M13, transistor M15, and tran-
sistor M9. A bias current source 930 provides a bias current
(designated 1, , ) to transistor M12, transistor M14, transis-
tor M16, and transistor M10.

In FIG. 6 there 1s an RC Miller compensation circuit 650
shown 1n the PMOS control loop. Similarly, in FIG. 8 there 1s
an RC Miller compensation circuit 860 shown in the PMOS
control loop. This 1s because there are two gain stages 1n the
PMOS control loop. The capacitor C 1s used to create a
dominant pole at the output of the first stage and the resistor
R 1s used to create a zero to improve the phase margin.

The compensation circuits (650 and 860) are switched off
for the NMOS control loop. Because the NMOS control loop
has a one gain stage followed by a unit gain follower, the pole
from the second stage could be a very high frequency pole, so
that the compensation may not be necessary for the NMOS
control loop.

However, 1n general, two independent compensation cir-
cuits may be switched 1n and out for the two different control
loops. This feature 1s shown 1n the fifth embodiment of the
power supply control circuit 1000 shown 1n FIG. 10.

The power supply control circuit 1000 comprises an LDO
control amplifier 810 having a first output that 1s coupled
through an S1 switch 820 to a gate of the LDO PMOS tran-
sistor 140. The LDO control amplifier 810 also has a second
output that 1s coupled through an S2 switch 830 to a gate of the
LDO NMOS transistor 410. The LDO PMOS transistor 140
and the LDO NMOS transistor 410 are coupled 1n parallel.
The source of the LDO PMOS transistor 140 and the drain of
the LDO NMOS transistor 410 are both coupled to the
V cyprreren VOltage. The drain of the LDO PMOS transistor
140 and the source of the LDO NMOS transistor 410 are both
connected to the output node V .

An S2 switch 840 1s also coupled between the gate and the
source of the LDO PMOS transistor 140. A first end of an S1
switch 850 1s coupled to a node between the gate of the LDO
NMOS transistor 410 and the S2 switch 830. A second end of
the S1 switch 850 1s coupled to ground.

A PMOS compensation circuit 1010 1s also provided. A
first end of the compensation circuit 1010 1s coupled between
the S1 switch 820 and the S2 switch 840. A second end of the
PMOS compensation circuit 1010 1s coupled to the drain of
the LDO PMOS transistor 140. An NMOS compensation
circuit 1020 1s also provided. The NMOS compensation cir-
cuit 1020 1s coupled to a node between the first end of the S1
switch 850 and the S2 switch 830.

When the value of the Vy;77-772» VOltage 1s greater than
the V.~ voltage, then the switch control voltage comparator
510 will output a “high” signal. The S1 switch signal will be
a “high” signal and the S2 switch signal will be a “low” signal.
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The “high” S1 signal will close the S1 switches and the “low”™

1~ *2

S2 signal will open the S2 switches. In particular, the “high

S1 signal will close S1 switch 820 and S1 switch 850. The
“low™ S2 signal will open S2 switch 830 and S2 switch 840.
This will select the first control loop for operation.

When the value of the V o5~ VOltage 1s less than the
V . voltage, then the switch control voltage comparator 510
will output a “low” signal. The S1 switch signal will be a
“low” signal and the S2 switch signal will be a “high”™ signal.
The “low” S1 signal will open the S1 switches and the “high”
S2 signal will close the S2 switches. In particular, the “low”
S1 signal will open S1 switch 820 and S1 switch 850. The

“high” S2 s1gnal will close S2 switch 830 and S2 switch 840.
This will select the second control loop for operation.

The embodiments of the mnvention that have been described
are designed so that only one of the two control loops operates
at the same time. Selecting on one control loop to operate at a
given time 1s referred to as “‘static selection™ because the
selection of one of the control loops 1s done betfore the begin-
ning of the transmittal time slot. This 1s the case 1n GSM
(Global System for Mobile Communications) applications.

However, this 1s not the case in WCDMA (wideband code
division multiple access) applications, where the selection of
the control loop may have to be dynamically selected during,
the transmitting state. For example, when an output voltage
V -~ 1s commanded during a transmitting state, the control
loop selection has to be done on the fly. This means that there
will be a short period of time during which both control loops
are operating at the same time.

FI1G. 11 1llustrates a flow chart showing the steps 1100 of a
first advantageous embodiment of the method of the present
invention. In the first step of the method a low drop out (LDO)
circuit 310 1s provided that comprises an LDO control ampli-
fier 120 and a PMOS LDO transistor 140 that 1s coupled to the
output of the LDO control amplifier 120 (step 1110). Then the
PMOS LDO transistor 140 1s connected to a switching regu-
lator 210 that provides an adjustable value of input voltage

V cprremer 10 the PMOS LDO transistor 140 (step 1120).

Then a switched power supply circuit 320 1s connected to
the LDO control amplifier 120 to provide an operating volt-
age to the LDO control amplifier 120 (step 1130). Then a
value of the input voltage V <...7r 722 1S cOmpared to a value
of the operating voltage V. , - (step 1140).

When the value of the input voltage V 477772 15 greater
than the value of the operating voltage V., then the
V cyrreren VOltage 1s designated as Vo, » and the V ., » volt-
age 1s provided to the LDO control amplifier 120 as an oper-
ating voltage (step 1150). When the value of the input voltage
V epyrreren 18 less than the value of the operating voltage
V. .r~then the V, ... voltage 1s designated as V., ,», and the
V o7 » voltage 1s provided to the LDO control amplifier 120 as
an operating voltage (step 1160).

FIG. 12 1llustrates a flow chart showing the steps 1200 of a
second advantageous embodiment of the method of the
present invention. In the first step of the method a power
supply control circuit 400 1s provided that comprises (1) a first
L.DO control amplifier 120 and a PMOS LDO transistor 140
that 1s coupled to the output of the first LDO control amplifier
120, and (2) a second LDO control amplifier 420 and an
NMOS LDO transistor 410 that 1s coupled to the output of the
second LDO control amplifier (step 1210). Then the PMOS
LDO transistor 140 and the NMOS LDO transistor 410 are
connected 1n parallel so that the drain of the LDO PMOS
transistor 140 and the source of the LDO NMOS transistor
410 are both connected to the V - output of the power supply
control circuit 400 (step 1220).
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Then the source of the PMOS LDO transistor 140 and the
drain of the NMOS LDO transistor 410 are connected to a
switching regulator 210 that provides an adjustable value of
iput voltage V -~z 10 the two transistors (step 1230).
Then a switched power supply circuit 320 1s connected to the
first LDO control amplifier 120 and to the second LDO con-
trol amplifier 420 to provide a V ,,, operating voltage to the
two control amplifiers (step 1240).

When the value of the input voltage V o, rrrn 1S greater
than the value of the reference voltage V.. then the first
control loop of the control circuit 400 that comprises the first
LDO control amplifier 120 and the PMOS LDO transistor
140 1s operated (step 1250). When the value of the input
voltage Vo, roen 18 less than the value of the reterence
voltage V.~ then the second control loop of the control
circuit 400 that comprises the second LDO control amplifier
420 and the NMOS LDO transistor 410 1s operated (step
1260).

FIG. 13 illustrates a flow chart showing the steps 1300 of a
third advantageous embodiment of the method of the present
invention. In the first step of the method a power supply
control circuit 600 1s provided that comprises an LDO control
amplifier 120 and a PMOS LDO transistor 140 that 1s coupled
to the output of the LDO control amplifier 120, and an NMOS
LDO transistor 410 that 1s also coupled to the output of the
LDO control amplifier (step 1310). Then the PMOS LDO
transistor 140 and the NMOS LDO transistor 410 are con-
nected 1n parallel so that the drain of the LDO transistor 140
and the source of the LDO NMOS transistor 410 are both
connected to the V.. output of the power supply control
circuit 600 (step 1320).

Then the source of the PMOS LDO transistor 140 and the
drain of the NMOS LDO transistor 410 are connected to a
switching regulator 210 that provides an adjustable value of
iput voltage V oppr -~z 10 the two transistors (step 1330).
Then a switched power supply circuit 320 1s connected to the
L.DO control amplifier 120 to provide a V o, » operating volt-
age to the control amplifier (step 1340).

When the value of the mput voltage V o720 1S greater
than the value of the reference voltage V... then the S1
switches are closed and the S2 switches are opened to operate
the first control loop of the control circuit 600 that comprises
the LDO control amplifier 120 and the PMOS LDO transistor
140 (step 1350) When the value of the mnput voltage
V currerer 18 less than the value of the reference voltage V. ...
then S1 switches are opened and the S2 switches are closed to
operate the second control loop of the control circuit 600 that

comprises the LDO control amplifier 120 and the NMOS
LDO transistor 410 (step 1360).

Although the present invention has been described with an
exemplary embodiment, various changes and modifications
may be suggested to one skilled 1n the art. It 1s intended that
the present invention encompass such changes and modifica-
tions as fall within the scope of the appended claims.

What 1s claimed 1s:

1. A power supply control circuit comprising;:

a low drop out circuit that comprises an operational ampli-
fier having an output coupled to a low drop out transis-
tor;

a switcher circuit having an output coupled to the low drop
out circuit, the switcher circuit configured to provide a
first operating voltage to the low drop out transistor; and

a switched power supply circuit having an output coupled
to the operational amplifier, the switched power supply
circuit configured to provide a second operating voltage
to the operational amplifier with which the operational
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amplifier prevents the low drop out transistor from con-
stantly being 1n an “on” condition or constantly being in
an “off” condition.

2. The power supply control circuit as set forth 1n claim 1
wherein the second operating voltage 1s a greater one of: the
first operating voltage and a voltage from a battery voltage
source.

3. The power supply control circuit as set forth 1n claim 2
wherein the switched power supply circuit comprises:

a voltage comparator circuit having a first input that 1s
coniigured to recerve the first operating voltage and hav-
ing a second nput that 1s configured to recerve the volt-
age Trom the battery voltage source.

4. The power supply control circuit as set forth in claim 3,

wherein:

the voltage comparator circuit 1s configured to output a first
signal when the voltage comparator circuit determines
that the first operating voltage 1s greater than the voltage
from the battery voltage source; and

the voltage comparator circuit 1s configured to output a
second signal when the voltage comparator circuit deter-
mines that the first operating voltage 1s less than the
voltage from the battery voltage source.

5. The power supply control circuit as set forth 1n claim 4

wherein the switched power supply circuit further comprises:

circuitry that 1s configured to provide the first operating

voltage to the operational amplifier when the voltage
comparator circuit outputs the first signal; and

circuitry that 1s configured to provide the voltage from the

battery voltage source to the operational amplifier when

the voltage comparator circuit outputs the second signal.

6. The power supply control circuit as set forth 1n claim 3
wherein the circuitry that i1s configured to provide the first
operating voltage to the operational amplifier when the volt-
age comparator circuit outputs the first signal comprises:

a P-type metal oxide semiconductor (PMOS) transistor
that 1s configured to operate as a first switch to connect
the first operating voltage to the operational amplifier;
and

wherein the circuitry that 1s configured to provide the volt-
age from the battery voltage source to the operational
amplifier when the voltage comparator circuit outputs
the second signal comprises:

an N-type metal oxide semiconductor (NMOS) transistor
that 1s configured to operate as a second switch to con-
nect the voltage from the battery voltage source to the
operational amplifier.

7. A power supply control circuit comprising:

a low drop out circuit that comprises a first low drop out
transistor and a second low drop out transistor coupled in
parallel;

a first operational amplifier having an output coupled to the
first low drop out transistor and a second operational
amplifier having an output coupled to the second low
drop out transistor;

a switcher circuit having an output coupled to the low drop
out circuit, the switcher circuit configured to provide a
first operating voltage to the first low drop out transistor
and to the second low drop out transistor; and

a switched power supply circuit having a first output
coupled to the first operational amplifier and having a
second output coupled to the second operational ampli-
fier, the switched power supply circuit configured to
provide a second operating voltage to the first opera-
tional amplifier with which the first operational ampli-
fier prevents the first low drop out transistor from being
out of control, the switched power supply circuit also

5

10

15

20

25

30

35

40

45

50

55

60

65

14

configured to provide the second operating voltage to the
second operational amplifier with which the second
operational amplifier prevents the second low drop out
transistor from being out of control.

8. The power supply control circuit as set forth in claim 7
wherein the second operating voltage 1s a greater one of: the
first operating voltage and a voltage from a battery voltage
source.

9. The power supply control circuit as set forth in claim 8
turther comprising a loop control switch circuit that 1s con-
figured to alternately select an operation of (1) a first loop of
the power supply control circuit that comprises the first opera-
tional amplifier and the first low drop out transistor and (2) a
second loop of the power supply control circuit that com-
prises the second operational amplifier and the second low
drop out transistor.

10. The power supply control circuit as set forth in claim 9
wherein the loop control switch circuit comprises:

a loop control voltage comparator having a first input that

1s configured to recerve the first operating voltage and a
second 1nput that 1s configured to receive a reference
voltage;

wherein the reference voltage 1s greater than a threshold
voltage of the first low drop out transistor and greater
than a threshold voltage of the second low drop out
transistor.

11. The power supply control circuit as set forth 1n claim 10
wherein the loop control voltage comparator of the loop con-
trol switch circuit 1s configured to:

provide an output signal that operates the first loop and
does not operate the second loop when the first operating
voltage 1s greater than the reference voltage; and

provide an output signal that operates the second loop and
does not operate the first loop when the first operating
voltage 1s less than the reference voltage.

12. The power supply control circuit as set forth in claim 7
wherein the first low drop out transistor comprises a P-type
metal oxide semiconductor (PMOS) transistor and the second
low drop out transistor comprises an N-type metal oxide
semiconductor (NMOS) transistor.

13. The power supply control circuit as set forth 1n claim 10
wherein the switched power supply circuit 1s configured to
provide the second operating voltage to the loop control volt-
age comparator.

14. A power supply control circuit comprising:

a low drop out circuit that comprises a first low drop out
transistor and a second low drop out transistor coupled in
parallel;

an operational amplifier having an output coupled to the
first low drop out transistor and to the second low drop
out transistor, the operational amplifier having a plural-
ity of switched iputs;

a switcher circuit having an output coupled to the low drop
out circuit, the switcher circuit configured to provide a
first operating voltage to the first low drop out transistor
and to the second low drop out transistor; and

a switched power supply circuit having an output coupled
to the operational amplifier, the switched power supply
circuit configured to provide a second operating voltage
to the operational amplifier with which the operational
amplifier prevents the first low drop out transistor from
being out of control and prevents the second low drop
out transistor from being out of control.

15. The power supply control circuit as set forth 1n claim 14
wherein the second operating voltage 1s a greater one of: the
first operating voltage and a voltage from a battery voltage
source.
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16. The power supply control circuit as set forth in claim 15
turther comprising switching circuitry that 1s configured to
alternately select an operation of (1) a first loop of the power
supply control circuit that comprises the operational amplifier
and the first low drop out transistor and (2) a second loop of
the power supply control circuit that comprises the opera-
tional amplifier and the second low drop out transistor.

17. The power supply control circuit as set forthin claim 16
wherein the switching circuitry comprises:

a plurality of “switch one” switches; and

a plurality of “switch two” switches;

wherein the first loop 1s configured to operate and the
second loop 1s configured to not operate when the plu-
rality of “switch one” switches are closed and the plu-
rality of “switch two” switches are open; and

wherein the second loop 1s configured to operate and the
first loop 1s configured to not operate when the plurality
of “switch two” switches are closed and the plurality of
“switch one” switches are open.

18. The power supply control circuit as set forth in claim 17

wherein the switching circuitry further comprises:

a loop control voltage comparator that 1s configured to
receive the first operating voltage on a first input and that
1s configured to receive a reference voltage on a second
input, the loop control voltage comparator also config-
ured to provide a signal that closes the plurality of
“switch one” circuits when the first operating voltage 1s
greater than the reference voltage and to provide a signal
that opens the plurality of “switch one” circuits when the
first operating voltage 1s less than the reference voltage.

19. A power supply control circuit comprising:

a low drop out circuit that comprises a first low drop out
transistor and a second low drop out transistor coupled in
parallel;
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an operational amplifier having a first output coupled to the
first low drop out transistor and having a second output
coupled to the second low drop out transistor;

a switcher circuit having an output coupled to the low drop
out circuit, the switcher circuit configured to provide a
first operating voltage to the first low drop out transistor
and to the second low drop out transistor; and

a switched power supply circuit having an output coupled
to the operational amplifier, the switched power supply
circuit configured to provide a second operating voltage
to the operational amplifier with which the operational
amplifier prevents the first low drop out transistor {from
being out of control and prevents the second low drop
out transistor from being out of control;

wherein the second operating voltage 1s a greater one of:
the first operating voltage and a voltage from a battery
voltage source.

20. The power supply control circuit as set forth in claim 19
further comprising switching circuitry that is configured to
alternately select an operation of (1) a first loop of the power
supply control circuit that comprises the operational amplifier
and the first low drop out transistor and (2) a second loop of
the power supply control circuit that comprises the opera-
tional amplifier and the second low drop out transistor.

21. The power supply control circuit as set forth in claim 20
turther comprising:

a P-type metal oxide semiconductor (PMOS) compensa-
tion circuit coupled to the first loop of the power supply
control circuit; and

an N-type metal oxide semiconductor (PMOS) compensa-
tion circuit coupled to the second loop of the power
supply control circuit.
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